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SPECIFICATION 
TO ALL WHOM IT MAY CONCERN: 

5 Be it known that we, KARL-HEINZ BAUER, a citizen of Germany, 

resident of Graben-Neudorf, Germany, EMILIO FABRICIUS, a citizen of 
Germany, resident of Oftersheim, Germany, BERND MATTHES, a citizen of 
Germany, resident of Schriesheim, Gemnany, and HARALD MERKEL, a 
citizen of Germany, resident of Sinsheim, Germany, have invented a new and 
1 0 useful improvement in a 

DISK FOR A FORCE TRANSMITTING AGGREGATE 

which invention is fully set forth in the following specification. 
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DISK FOR A FORCE TRANSMITTING AGGREGATE 
DESCRIPTION 

The invention concerns a disk for a force transmitting aggregate, in 
5 particular for a fluid disk clutch according to the pre-characterizing portion of 
Claims 1 and 13 as well as a friction lining for a disk of this type. 

Force transmitting aggregates, in particular wet disk clutches of the 
above-described type, include a plurality of disks. Conventionally therein a 
first group is fixed against rotation upon a disk core plate or, as the case 

10 may be, drivable upon a disk core plate, while a second group is mounted 
drivable upon a driving collar or hub. The respective disks of the two groups 
engage with each other in the manner of teething or inter-digitation. The 
groups are preferably displaceable in axial direction relative to each other 
and can in this manner be brought pair-wise into frictional engagement. 

15 Disk clutches of the above-described type are described for example in DE 
31 18 565A1 orDE 35 32 759 CI. 

According to the state of the art various variations of disks are known. 
It is for example known to form one of the groups of disks as simple steel 
disks and the other group as disks bonded preferably on both sides with a 

20 friction lining, so-called friction plates. Further, it is also possible to form 
both groups as bonded disks, wherein as a rule one side is provided with a 
friction lining, wherein in general two disks thereby come respectively into 
frictional contact when moved towards each other, so that respectively the 
core plate metal of one disk comes into contact with the friction lining of the 

25 adjacent disk. Beyond this, it is known to provide the front side and/or the 
backside of the respective disks with notches or grooves, which again can 
be formed in the most diverse design and manner. 

The preferably annular or ring shaped bonded disks are, as a rule, 
arranged sandwich-like. They include - as already indicated above - a ring 

30 shaped core plate exhibiting a front side and a back side, most commonly a 
core plate made of steel, which carries a so-called friction lining on one side 
in the case of a so-called single sided friction plate and on both of its ring 
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surfaces in the case of a double sided friction plate. This friction lining is 
comprised in general of a fibrous mask, which is produced of a paper like 
material. 

The drag torque of the force transmitting aggregates, in particular of 
5 wet disk (clutches) of automated manual or automatic transmissions, as 
described for example in Holzer et al., VDI-report FVA 290, 
"Schleppmomente an nasslaufended Lamellenkupplungen", of the above 
described type depend upon the most diverse parameters. When the disk 
clutch turns while in the open condition, then both groups of disks (for 
10 example bonded disks and steel disks) have different rotational speeds and 
the oil film present between them provides a torque (and in particular also a 
drag torque) from the driven onto the non-driven parts of the clutch 
aggregate. In this type of wet disk (-clutches) of automated manual or 
automatic transmissions it was determined that the coefficient of drag is 
15 increased when the oil is in the cold state, and individual disks even stick 
together. This is to be avoided. 

According to the state of the art, a sticking together of disks is 
prevented by pushing the individual disks apart from each other by a 
package of springs provided between the disks. This embodiment is for 
20 example the subject of matter of FVA research report of 
Forschungsvorhaben Nr. 53/11 in Forschungsheft Forschungsvereinigung 
Antriebstechnick, Heft 135, 1983. 

A further variation according to the state of the art envisions bent-off 
segments at the sides of the disks which insure a positive or forced 
25 separation. This variant is described in detail in US Patent 3,897,860. 

Both above-mentioned variants however can only be produced by 
techniques which are very expensive, so that comparatively high costs 
occur during their manufacture. 

The invention is thus concerned with the task of providing a disk or. 
30 as the case may be, a friction lining, with which a force transmitting 
aggregate, in particular a wet disk clutch, can be realized, which exhibits a 
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low co-efficient of drag even at low temperatures and which is substantially 
more economical to produce. 

This task is inventively solved by a disk or, as the case may be, a 
friction lining, with the features of the characterizing portion of Claim 1 . 
5 Advantageous embodiments and further developments of the 

invention are set forth in the dependent claims. 

The essential concept of the invention is comprised in taking 
advantage of the fact that the friction lining itself acts as a spring. In 
concrete terms, it is provided that the friction lining exhibits at least one 

10 surface area raised in comparison to the remaining plane of the surface. 
This partially raised portion of the friction surface maintains, during the 
opened position of the disk clutch, a defined separation between adjacent 
disk surfaces with respect to each other. A forced separation of adjacent 
disks is in this manner achieved without supplemental measures. Therein it 

15 is unimportant whether both facing frictional surfaces of adjacent disks 
exhibit raised surface area in the above described manner and mode, or 
whether only each respective second surface is correspondingly so formed 
or designed. The person of ordinary skill would immediately recognize that 
the inventive function is also then realized, when for example one of the 

20 above described groups of a disk clutch is formed in the manner of bonded 
disks and the other group in the manner of steel disks, without friction 
cladding. 

It has been found, that in the loaded condition (in the case of suitable 
selection of the relationship of raised surface to not raised surface) the rise 

25 is "over compressed" and thus is no longer effective. It has further been 
shown, that the above-described function of the force transmitting aggregate 
also is effective at low temperatures, far below the freezing point. 

In a first advantageous embodiment of the invention it is envisioned 
that the raised surface areas are formed unitarily with the remaining friction 

30 cladding. A one-piece design is already then of advantage, when thereby 
the manufacturing process allows itself to be simplified so that production 
can be more economical. A person of ordinary skill in the pertinent art can 
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offer an endless number of possibilities for the manufacture of a one-piece 
embodiment of a disk or a corresponding friction cladding. From among this 
large number of possible solutions, two variants which are particularly 
advantageous are described in the following: 
5 A first variant of the invention envisions that the friction lining, at least 

in the raised area of the surface, exhibits a greater thickness than the 
remaining areas. This form of embodiment presents itself favorably 
particularly for the reason that during the application of the friction lining 
upon the disk as well for incorporation of notches or grooves in the friction 

10 lining the upper surface of the friction lining must be at least partially 
compressed or removed anyway. During the manufacturing of the presently 
described friction lining the person of ordinary skill can insure that during the 
moulding of the grooves into the friction lining the surface is in parts less 
compressed or removed, so that the presently described raised areas 

15 remain standing. This variant offers itself particularly then, when the friction 
lining is applied upon a planar or flat carrier or core plate surface. 

In principle it is however also possible to have the core plate with its 
flat front and back surfaces itself exhibiting raised surface areas, so that a 
friction lining applied thereupon with an essentially homogeneous thickness 

20 at the end is raised in this area with respect to the remaining planar surface. 
It must however be noted, that the height of the raised surface when under 
pressure must make possible a planar friction surface. 

In simple manner this variant allows itself to be achieved in that the 
core plate material exhibits a greater thickness in these areas than in the 

25 remaining areas. One could however also imagine as an alternative that the 
core plate is deformed, forming raised areas in the appropriate parts. The 
latter variant is particularly suitable for application in so-called single-sided 
disks. In the manufacturing technology this allows itself to be realized in 
particularly simple manner, in that the backside of the disk is processed on 

30 the appropriate parts or areas with the aid of a stamping or press tool, so 
that the friction lining on the front side is correspondingly bent outward. 
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It is envisioned in accordance with the invention that the friction lining 
as such possesses a spring-like characteristic. It can however also be 
sufficient when essentially only the raised surface areas are formed to be 
spring-like. The latter case in particular demonstrates that a multi- 
5 component embodiment of the friction lining can be useful, for example in 
that spacers are introduced or incorporated into the friction lining. 

It has been found that the most diverse shapes or forms are suitable 
for the design of the raised surface areas. The corresponding raised 
surface areas can in particular be formed planar, bowed out or curved as an 
10 arc, or conically raised. 

In place of providing raised surface areas with respect to an 
essentially planar or flat surface of a friction lining, it has been found to be of 
advantage in accordance with the invention, to form the upper surface of the 
friction lining itself not planar parallel, but rather preferably rising or falling in 
15 the radial direction. It has been found particularly advantageous when a 
linear rise or fall is provided, so that a conical cross-sectional profile results. 

Particularly advantageous embodiments of the invention are shown in 
the drawings and are described in greater detail in the following. 

The present invention is generally directed to a 
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BRIEF DESCRIPTION OF THE DRAWINGS 



There is shown: 

Figure 1 an inventive disk (friction plate) in top view 
25 Figure 2 an inventive disk (friction plate) according to Fig. 1 in the 
section B-B 

Figure 3 a first embodiment representing an inventive disk (friction 
plate) according to Fig. 1 and 2 - section view along A-A - 

Figure 4 a second embodiment for illustration of an inventive disk 
30 (friction plate) according to Figure 1 and 2 - section view along 

A-A- 



031 05/DKT0 1041 



Figure 5 illustrative embodiment of the raised surface areas according 
to Figures 1-4, representation of the disk in cross-section 

a) bow-shaped curved surface contour 

b) flat surface 

5 c) conical cross-section 

Figure 6 a third illustrative embodiment of an inventive disk in cross- 
section 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows an inventive friction plate 1, 11 for a wet disk clutch in 
top view looking on the front side V. 

The friction plate 1, 11 is ring shaped, shown in the drawing defined 
by reference numbers indicating radius R| (inner radius) and Ra (outer 
15 radius). 

The cross-sectional representation according to Fig. 2 shows that the 
disk 1,11 has the shape of a flat plate. The disk 1,11 itself is comprised of 
a core plate 2, which generally is made of steel. The core plate 2 carries a 
friction lining 3v, 13v, 3r on at least one of its ring surfaces. As the disk 1 is 

20 provided on both sides with a friction lining, then it is referred to as a so- 
called double-sided friction plate. A double-sided friction plate of this type is 
characterized in the following with the reference number 1. The 
corresponding friction lining on the front side V or as the case may be on the 
backside R of the core plate 2 is provided in the figure with the reference 

25 number 3v and 3r. 

In the case that the disk is provided with a friction lining only on one 
side (for example on the front side V), this art would refer to as a single- 
sided friction plate. This variant is characterized in the figure and in the 
following description with the reference number 11, the corresponding core 

30 plate with the reference number 12 and the corresponding friction lining on 
the front side with the reference number 13v. 
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Since it cannot be ascertained from the representation according to 
Figure 1 whether this is a double-sided friction plate 1 or a single-sided 
friction plate 11, this illustration includes both the reference number for a 
double-sided friction plate 1 according to the embodiment described 
5 immediately below, as well as a single-sided friction plate 11 described 
subsequently thereto. 

From Figure 1 one can see that the friction lining 3v, 13v (on the front 
side V) is provided with various grooves. There are provided, for example, 
grooves which are formed in the manner of a waffle, and grooves which 

10 overlie the waffle grooves and extend with straight lines from the inner edge 
of the disk ring to the outer edge thereof. The first type of groove is 
referenced in the drawings with reference numbers 4a, 4b, 14a and 14b. 
The second type of grooves are referenced in the drawings with 5a, 5b, 5c 
as well as 15a, 15b and 15c. In the following description it should be noted 

15 that the respective grooves, as well as the width and also the depth threof, 
can be varied. Without limiting the concept of the invention it can be 
presumed that the grooves of the second type 5a, 5b, 15a, 15b are moulded 
deeper into the friction lining 3r, 3v, 13v than the grooves of the first type 
4a, 4b, 14a, 14b. 

20 Next, the embodiment according to Figure 3 will be considered. This 

variant of the inventive disk is concerned with the above-mentioned double- 
sided friction plate 1. From the sectional view shown in detail one can see 
that the friction plate 1 is based upon a ring-shaped planar core plate 2 with 
the thickness D. On the front side V and the backside R of the core plate 2 

25 there are situated respectively friction linings 3v and 3r. The friction linings 
3r and 3v on the front and back side V, R of the core plate 2 exhibit an 
essentially homogenous thickness d which is essentially interrupted by 
grooves of first and second type 4a, 4b, 5a, 5b and 5c with the 
corresponding groove depths U and ts- 

30 Since the front side and backside surfaces 02v or as the case may be 

02r of the core plate 2 are flat or planar, the surface O3V or as the case may 
be Oar is in same manner also planar. 
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In accordance with the invention the friction linings 3v and 3r exhibit 
surface areas 6 on the front side V and the backside R of the core plate 2, 
which in comparison to the remaining planar surfaces Osv and Osr are raised 
by the amount Ad, wherein the raised surface areas 6 in the example are 
5 formed unitarily with the remainder of the friction lining 3v, 3r. These raised 
surface areas 6 are also to be found in the illustration according to Figure 1 . 
In the example there are shown multiple of the above mentioned grooves 
4a, 4b, 5a, 5b and 5c in closed areas 6 of the surface area of the friction 
lining 3v, 3r, which are present in primarily regular intervals upon the ring 

10 shaped friction lining. 

Figure 4 shows a further alternative embodiment of an inventive disk. 
In the disk shown in Figure 4 there is a so-called single sided friction plate 
11, wherein the core plate 12 is provided with a friction lining 13v only on 
one side. This disk 11 also exhibits a ring shaped core plate 12 with an 

15 essentially homogenous thickness D. The friction lining provided on the 
front side thereof 13v exhibits a homogenous thickness d with diverse 
grooves 14a, 14b, 15a, 15b and 15c with the depths tu or as the case may 
be ti5. Further, with this alternative embodiment the friction lining 13 is 
formed partially raised. The surface areas 6 raised by the amount Ad are 

20 based however not upon a surface-wise or area thickening d + Ad of the 
friction lining 3v, 3r as in the above mentioned example, but rather a raising 
6 of the surface Oi3v of the friction lining 13v by the amount Ad* is produced 
in that the backside R of the single-sided friction plate 11 is "protruded" on 
the side opposite to the friction lining 13 at the appropriate points with the 

25 aid of a suitable tool, so that as a consequence thereof the friction lining 13v 
on the front side V exhibits corresponding bosses with the height Ad. 

Figure 5 shows, on the basis of a series of illustrative examples, 
which cross-sectional shapes the above mentioned raised surfaces 6 could 
exhibit. 

30 Figure 5a shows a raised surface area 6a, which exhibits a bowed 

out shaped curved surface. Figure 5b shows an example of a plateau 
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surface area 6b with flat raised surface. Further Figure 5c shows a rise 6c 
with conical cross-section shape. 

In Figure 6 a final illustrative embodiment of an inventive disk 21 is 
shown. As in the above-mentioned embodiments the disk 21 is based upon 
5 a core plate 22 with a friction lining 23v provided on the front side. The 
friction lining 23v exhibits however in comparison to the above mentioned 
embodiments no raised surface areas. Instead, the upper surface O23V of 
the friction lining 23v is formed with a material growth going from the inner 
radius Rj towards the outer radius Rg. In the example the material growth 

10 from inside towards outside is realized thereby, that the thickness of the 
friction lining 23v increases linearly from inner radius Rj to outer radius Ra. 
It is however also conceivable, that instead the core plate, or even the 
friction lining together with the core plate, is/are formed with preferably 
continuous increasing thickness, so that an overall conical cross-section of 

15 the disk results. It has been found that, with appropriate selection of the 
thickness variation or, as the case may be, the springiness of the friction 
material of the friction lining O22V. the clutch is over-compressed during 
engagement and the corresponding friction surfaces again lie essentially 
flush or planar parallel. 

20 
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Reference Number List 

1 Double-sided friction plate 

2 Core plate 

3v Friction lining upon the front side 

5 3r Friction lining upon the backside 

4a, 4b Groove of first type 

5a, 5b, 5c Groove of second type 

6, 6a, 6b, 6c Raised surface area 

10 11 Single-sided friction plate 

12 Core plate 

1 3v Friction lining upon the front side 

14a, 1 4b Groove of first type 

1 5a, 1 5b, 1 5c Groove of second type 

15 16 Indentation (boss) 

21 Single-sided friction plate 

22 Core plate 

23v Friction lining upon the front side 

20 

d Thickness of the friction lining 

Ad Distance 

t4, ti4 Depth of groove of first type 

ts, ti5 Depth of groove of second type 

25 D Thickness of the core plate 

Ad* Distance 

V Front side 

R Backside 

30 Ri Inner radius 

Ra Outer radius 
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O3V, Oi3v, O23V Surface of the front side friction lining 

Osr Upper surface of the backside friction lining 

O2V, Oi2v. O22V Upper surface of the front side of the core plate 

02r, Oi2r. 022r Surface of the backside of the core plate 



The above detailed description of the present invention is given for 
10 explanatory purposes. It will be apparent to those skilled in the art that 
numerous changes and modifications can be made without departing from 
the scope of the invention. Accordingly, the whole of the foregoing 
description is to be construed in an illustrative and not a limitative sense, the 
scope of the invention being defined solely by the appended claims. 
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